This paper describes Super Dual Auroral Radar Network observations of an unusual mesoscale (scale size L m 300 km) structure in the auroral convection pattern. This structure is characterized by an expansion motion of the plasma in a plane perpendicular to the magnetic field and then by an anomalously high velocity divergence. This study describes those observations and eliminates possible artifacts in the data analysis. Because the radar data strongly suggest that the structure is located in the F region, the observations are thus in opposition with the well-known divergence-free motion hypothesis. They are interpreted in terms of an ion demagnetization process, in which the collisionless ions become locally collisional in the F region.
Applying this technique to various data sets, we found several unusual mesoscale structures (L m 300 km) characterized by an anomalous divergence in the velocity field. This property is unexpected in the F region, where the structure is supposed to be observed and a divergence-free motion is expected [Ruohoniemi et al., 1989] . Section 2 discusses extensively the geophysical context of one event and summarizes the other observations. Then SuperDARN data are carefully analyzed, and a possible anomalous radar wave propagation is considered in order to reject the possibility of any artifact. Section 3 formulates the physical problem introduced by those observations and shows that a local ion demagnetization in which the effective ion collision frequency is greater than the gyrofrequency is the most appropriate answer. In this process, the collisionless F region ions become collisional, and their motion becomes highly divergent under the observed divergent electric field. Finally, we discuss the large increase in collision frequency and suggest that a crucial role is played by an anomalous ion transport.
SuperDARN Observations
Six events characterized by a highly divergent structure have been found in the SuperDARN data set for 1995. In this section one of them is extensively described, with a particular emphasis on the global geophysical context. Then the other observations are summarized, and finally, the possibility of a measurement artifact is discussed and discarded.
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Extensive Description of One Event
The event presented here has been recorded on February Finally, at • 2100 MLT and 75øMLAT the velocity shear seems to disappear in order to form a small structure characterized by a large velocity divergence. These observations suggest that this structure appears just after a global change in the solar wind magnetosphere coupling.
2.1.3. Velocity-divergent structure. The highresolution merging method [Andrd et al., 1999] gives more details on the velocity-divergent structure. Figure 4 shows a part of the convection pattern, as seen by the Goose Bay/Stokkseyri radar pair. These maps are averaged in time for two scans (192 s). The structure is located at 75øMLAT and 2100 MLT and is characterized by a velocity divergence of the order of 7 mHz. This is • 1 order of magnitude greater than the typical values (< 1 mHz), which are introduced by measurement uncertainties. Its typical scale size is of the order of 200 km, and its distance from the radars is 1200 and 2000 km, respectively. This means that this structure should be located in the F region, where the plasma motion is supposed to be divergence-free.
2.1.4. Temporal evolution. In order to characterize the structure formation we have computed the temporal evolu- This temporal evolution corresponds to the development of an electric field shear in the magnetosphere, which is moving toward the magnetotail. Then, the formation of a convection reversal in the velocity field indicates the presence of a divergent electric field structure and an associated downward field-aligned current. A few minutes later, the plasma motion becomes highly divergent in its center, this unusual structure being observed for 10 min. Figures 6b and 6c ) and splits into two parts at • 2220 UT (Figure 6d) . One of them moves to higher latitudes (Figure 6e) , and at 2235 UT the size of both increase (Figure 6f) .
The two areas are located exactly on the boundary of the convection reversal (Figures 6c and 6d) 
Observations Summary
The 1995 auroral oval, or in the polar cap. Their magnetic latitude is slightly controlled by the magnetic field orientation, going to higher latitudes when By is positive and Bx is negative.
The range from the radars is always > 1000 km, suggesting that the observations are taking place in the F region (under the hypothesis of a direct propagation). Its characteristic scale size (size 1 and size 2 refer to the size determined by the two radars involved in each event, an undefined size means that it cannot be deduced from the signal-to-noise ratio recorded by the radar) is of the order of 300 km, and it seems to appear during 5 to 10 min without any motion. In all cases, the temporal evolution of the convection pattern suggests that the structure appears at the center of a vortex or a convection reversal, in a region where a divergent electric field is present, induced by a small-scale field-aligned current.
Artifact Possibility
In all observations the velocity flow is highly divergent, the divergence being ,-•, 1 order of magnitude larger than the standard values resulting from measurement uncertainties. This contradicts the well-known hypothesis of a divergencefree motion in the F region, where the structure is supposed to be observed. Freeman et al. [1990] have mentioned several similar observations in the E region with the Sweden and Britain Radar Experiment (SABRE) HF radars, when looking to the electron motion. In their cases, observations were unsteady in space and time, and the authors have concluded that structures were not real. Therefore the possibility of an artifact in the radar measurements has to be discussed.
The structures are defined from radial velocities recorded by the radars, which are computed from the autocorrelation function (ACF) of backscattered signals. We examine successively the quality of ACFs and the quality of velocity determination. Another possibility is an error in the assumed location of the structure, due, for example, to a non standard propagation path made of the radar wave.
Autocorrelation function. The ACF quality
strongly depends on its number of points and on the zerolag SNR. When comparing the distribution of the number of points in the ACFs which are recorded inside and outside the structure for all events, it appears that the maximum of the distribution is greater inside the structure (10 points) than outside (7 points). The SNR distributions computed inside and outside the structure show that the data quality is higher inside the structure (15 dB) than outside (8 dB). These results show that the ACF quality should not introduce any bias in the analysis. 
Velocity determination. In order to extract the radial velocity information from the ACF one fits the tem-

Anomalous radar wave propagation.
Another error source is a nonstandard propagation, with 1.5 hop mode. The radar data does not exclude such propagation as a large band of ground scatter is present before the structure in all events and at least in one radar. Their location is constant in time. This strongly suggests that the ionosphere is steady during all the periods and that such an anomalous propagation mode will not appear suddenly. The location of the ground scatter band in the data allows us to estimate the ionospheric density profile: With a ray-tracing simulation program and with the appropriate ionospheric density model it is possible to reproduce the ground scatter band on the same location. For example, during the first event the Goose Bay radar data are reproduced by an ionospheric density model defined with a double Chapman layer and plasma frequencies of 2.5 MHz at 110 km and 6 MHz at 300 km. Such values of plasma frequency are large for nightside conditions but are still reasonable.
With this ionospheric density profile estimation the altitude of the backscatter area associated to high-velocity divergence structure (during this first event) is found. At • 2000 km from the radar both E and F region echoes are present, most of them originating from the F region (>60%). This suggests that the observed structure is located in the F region.
The error in data localization, computed from the same model [Andrd et al., 1997] , is of the order of 80 km for data located at -,• 2000 km from the radar. This value is still much lower than the critical value computed previously (140 km).
Finally, the possibility of azimuthal deviation due to the presence of an auroral arc has been investigated. Such deviation increases when the angle between the wave vector and the normal to the arc increases. In order to reproduce the ground scatter echoes observed in the radar data and to maximize the azimuthal deviation one has to consider an arc located at -,• 73øMLAT. This suggests that the arc should be aligned with magnetic shells and not Sun aligned. In such geometry the radar beam azimuthal deviation increases when the radar wave vector deviates from the magnetic north direction.
In all our events the radar beams associated to the structure observation are directed toward this direction (4-10ø). The maximum azimuthal deviation introduced by such auroral arc is evaluated by ray tracing to 50 km, a value lower than the critical one.
It is therefore safe to conclude that determination of the velocity field is not corrupted by erroneous data localization. This analysis strongly suggests that the propagation path is the same before and after the structure formation, and the range is in favor of a F region observation. Moreover, as the radar data show a vortex or a convection reversal before the event, one can conclude that the plasma is moving with an E x B velocity and is mainly magnetized as it should be in the F region. Thus, as the propagation path does not change during the observation, the argument that this structure is observed in the F region is strengthened.
Discussion
Divergence in Velocity Field
The plasma motion in the F region is usually described with two hypotheses. First, the plasma is supposed to be uncompressible. This induces a divergence-free motion in the three-dimensional system. Second, one assumes a collisionless plasma. This hypothesis induces a motion in the E x B direction, in a plane perpendicular to the magnetic field. Then, a divergent velocity field in the F region could be due to a temporal variation of the magnetic field amplitude. An observed velocity field divergence of -,• 7 mHz would lead to a magnetic field decrease of -,• 28,000 nT in 2 min. This unrealistic value suggests that the plasma is no longer moving in the E x B direction.
Demagnetization
In order to explain the high divergence in velocity, one has to consider a plasma in which the ions are collisionnal and which are therefore moving along the electric field direction. Before the event, one observes a vortex or a convection reversal, meaning that a collisionless plasma motion is controlled by a divergent electric field. Under the same electric field conditions, the motion of a collisional plasma becomes divergent, as observed. Our conclusion is that the events correspond to a change in the ion behavior, from the usual collisionless state to an unusual collisional state. Such a process is called here ion demagnetization. The parameter defining the collisional characteristic of the ions in a plasma is t• = vi/•i, where vi is the collision frequency and Qi is the ion gyrofrequency. The plasma is collisionless when t• < 1 and collisional in the other case. In the F region, we have usually t• • 310 -3. This means that the demagnetization process could occur only after an anomalously strong increase of the collision frequency.
Electric Field Variations
The value of t• in the demagnetized plasma might be derived from the velocity divergence (7 mHz). If we consider the ion motion in a collisional plasma, one can write the velocity divergence as (1). Here we assume that electron motions along the magnetic field line keep the charge neutrality. 
Types of Process
Several factors can create this demagnetization, for example, an increase of the neutral density or modifications of the plasma temperature or composition. The first two processes increase the ion collision frequency, and the last decreases the ion gyrofrequency. Following Millward et al. [1993] , one can consider a strong heating in the E region, which leads to an increase of the neutral density in the F region (increase of the collision frequency) and change the plasma composition (decrease of the ion gyrofrequency). This process can decrease t• by a factor 6, which is not sufficient to demagnetize the ions in the F region One can also consider an artificial increase of the ion collision frequency induced by an anomalous transport, characterized by an effective collision frequency v*. A new source of free energy gives rise to an instability which leads to the growth of electric field fluctuations in the plasma. When the electric field amplitude is large enough, some particles are trapped in the wave trains. Then, interactions between the wave trains lead to a brownian motion characterized by an effective collision frequency. This non linear wave particule interaction ends in instability saturation. This anomalous diffusion process is called "neoclassical," as it is well known and confirmed by many experimental studies in tokomaks [e.g., Horton, 1984; Galeev and Sagdeev, 1984 , and references therein].
If the effective collision frequency becomes larger than the ion gyrofrequency, the anomalous transport demagnetizes the trapped ions. The electric field fluctuations modify the trapped particle behavior, but their macroscopic motions are still defined by the macroscopic electric field projected from the magnetosphere. Such a process can demagnetize the F region ions and induce a highly divergent flow in a plane perpendicular to the magnetic field.
Conclusions
Applying the high-resolution merging technique to Super-DARN data, we have found several unusual mesoscale structures in the ionospheric convection pattern, characterized by a high-velocity divergence in a plane perpendicular to the magnetic field. In all events the structure appears near the poleward boundary of the auroral oval (74øto 81 øMLAT and 19øto 21øMLT), when the IMF is northward and during a low magnetic activity.
The temporal evolution of the convection characteristics suggest a very dynamic magnetosphere, with the formation of an electric field shear moving toward the magnetotail and followed by the formation of a divergent electric field. The structure, characterized by this high-velocity divergence, appears at the center of this divergent electric field. Two patches of high SNR are also observed by the radars at the structure boundaries. The temporal evolution of these patches is very well correlated with the formation of the divergent electric field structure. In all events, the structures seem to appear in the center of a divergent electric field. Their scale size, as defined by the SNR, is of the order of 300 km, and their lifetime is between 5 and 10 min.
We have extensively discussed the possibility of an artifact in the radar observations, considering successively the data quality and the data localization for both direct and indirect propagation path. Our conclusion is that those observations do not result from an erroneous velocity vector determination and that the structure is located in the F region, where ions are supposed to be magnetized.
The observations are thus in contradiction with the wellknown divergent-free plasma motion in the F region. In order to explain these structures one has to consider a plasma in which the ions become collisional, as suggested by the divergent electric field structure observed before the events. The structures are then interpreted as the result of localized ion demagnetization in the F region. Finally, we have suggested that such a demagnetization can be obtained by an anomalous transport induced by plasma waves interactions. This process will be examined theoretically in more details in a forthcoming paper.
